The paper presents a case study in which land use strategies to mitigate Climate Change effects are developed for a model in Saxony, Germany. In this region, the degree of freedom to respond to Climate Change with land-cover changes is very small. Based on a participatory process, an approach was developed to extend land-cover classes (e.g. forest, agriculture) by land management classes. In this paper, the focus is on the forest management classification. In the discussion with regional actors, four recommendations were identified that must be fulfilled to make land management classes regionally applicable and relevant. They should (1) reflect the effectiveness of management practices to mitigate Climate Change impacts, (2) express different management objectives, (3) show the compatibility with future trends (new crops, new public demands) and (4) provide a link to land-cover data. Finally, 22 mixed land-cover and management classes in forestry and around 30 classes in agriculture could be derived. For a test case on afforestation of agricultural sites the paper demonstrates that a more differentiated look at land management practices instead of land-cover classes helps to improve the understanding of (a) regional potentials to adapt to Climate Change and to mitigate its effects and (b) the impact of sectoral management strategies at landscape level on the provision of ecosystem services.
Introduction
Land-cover changes are the consequence of direct and indirect human impact on nature to produce and secure essential abiotic and biotic resources (see e.g. Rackham 2007; Armesto et al. 2010; Dreibrodt et al. 2010; Ellis and Pontius 2010) . In Europe, the actual spatial distribution of forests, agricultural areas and settlements has more or less been achieved since the Late Middle Ages, with only small recent modifications (Antrop 2005) . Nowadays, ongoing migration, demographic changes and globalization processes in natural resource production and consumption might amplify heterogeneity in land use intensity and could intensify land-cover changes even in Europe (Lambin et al. 2001; Lambin and Meyfroidt 2010) .
Though land cover change is an important factor for the sustainability and extent to which ecosystem services are provided (Metzger et al. 2006; Lautenbach et al. 2010 ), a problem exists in the evaluation of the impact of such changes: within a land cover class large heterogeneities are evident in the way that land management is practiced. Land management practices in forestry or agriculture, for instance, are difficult to assess through remote sensing techniques. In consequence, valuable information concerning their potential to contribute to a healthy and wellfunctioning environment might be lost (Dale and Polasky 2007; Verburg et al. 2009; Power 2010) . Furthermore, at least in Western Europe, large spatial changes in the land *Corresponding author. Email: fuerst@forst.tu-dresden.de cover rarely occur, as they are restricted for economic reasons and by legal barriers (Faaij and Domac 2006) . Much higher dynamics can be observed in spatial changes of land management. A recent trend is, for instance, the large scale reduction of crop diversity within crop rotations with an increasing preference for, and intracrop rotation frequency of, bioenergy crops such as maize or rapeseed, as a result of the renewable energy use targets at the EU level (Zegada-Lizarazu and Monti 2011). The impact of such large scale trends in land management can superpose the impact of smaller land cover changes. Programmes for enhancing biodiversity, protecting soils, or reducing Climate Change driven risks such as flooding, which target land-cover changes (e.g. afforestation programs) and which ignore, at the same time, the impact of land management on the landscape scale, must consequently be questioned; even more so as they are at the same time often weak in their practical relevance and applicability (Firbank et al. 2008) .
Taking agriculture and forests as the most important spatial examples, the integration of land management practices in an improved evaluation of the natural potential of a landscape to provide ecosystem services is faced with three major challenges (see e.g. Verburg et al. 2009; Fürst, König, et al. 2010 , Fürst, Volk, Pietzsch, et al. 2010 ):
(1) identifying and classifying regionally typical land management practices. 'Regionally typical' might include criteria that reflect different practices dependent on ownership type and size classes of owned land. The classification could then be combined with ownership patterns to reflect scenarios of land management patterns instead of the real situation, which for the most part cannot be assessed; (2) identifying generic classification criteria which focus rather on the impact of land management practices than on a too-detailed consideration of single management items. In addition, criteria must be defined that support the permanent location of the classes on maps; and (3) developing a land management classification that expresses the extent to which a land management type can contribute to the provision of ecosystem services. This should include also temporal development processes if they are relevant (e.g. in forests).
The paper intends to present and discuss a possible approach for how to improve the consideration of land management practices using the REGKLAM study (www. regklam.de) as example. REGKLAM is a joint research initiative supported by the German Federal Ministry of Education and Research with the aim to develop Climate Change adaptation strategies in the strategic areas urban development, water and waste water management (including water protection and flood control), industry, land use (including agriculture and forestry), nature conservation and human health for a model region in Saxony, Eastern Germany. Figure 1 illustrates the research concept of the strategic area 'land use' in REGKLAM and its interfaces with the other strategic areas in this project. Land use strategies to be developed in the strategic area 'land use' comprise (a) strategies for adapting the land management to expected future climatic conditions and (b) strategies for mitigating the impact of Climate Change on ecosystem services. Both types of strategies are closely related. They are distinguished because adaptation strategies focus more on onsite aspects of land use (e.g. sensitivity to extreme weather events, productivity), while mitigation strategies consider on-site effects as well as off-site effects (e.g. flooding, loss of biodiversity, impact on human health, provision of bioresources). Within the strategic area 'land use', (a) sectoral management strategies are developed for forestry and agriculture and (b) an integrative evaluation is carried out concerning how to make the best use of sectoral management strategies at the regional level, and where to identify a need for complementary land-cover changes. The combined land management/land-cover changes strategies will deliver the basis for the Climate Change adaptation strategies to be developed in the areas 'nature conservation' and 'water management'. Considering the strategic areas 'industry' and 'human health', similar Figure 1 . Flowchart of the research concept in the strategic area 'land use' in REGKLAM and of its interfaces with the other strategic areas in the project. target groups are addressed, such as industrial enterprises, timber industry, regional citizens or water management authorities.
We introduce a theoretical framework for a classification approach in forestry by showing examples from the REGKLAM study. The applicability of this approach is tested using management classes in forestry to derive best practices for afforestation in an exemplary part of the REGKLAM model region. The test is carried out with the 'Pimp Your Landscape' (PYL) software (Fürst, König, et al. 2010 , Fürst, Volk, Pietzsch, et al. 2010 . We discuss the advantages and disadvantages of our approach and then draw conclusions regarding future developmental needs.
Material and methods

Land management/land-cover questions
In REGKLAM, adapted forest management strategies focus mainly on the development of less droughtsensitive forest ecosystem types and related innovations in silvicultural treatment and harvesting techniques. In agriculture, strategies are subdivided into strategies for crop production, orcharding, olericulture and viticulture with specific variations in the consideration of breeding and pest management aspects, technical protection against extreme weather events and soil management techniques. In a subsequent step, the ability of these strategies to mitigate Climate Change impact at a regional level (off-site effects) will be tested.
Within the REGKLAM project period, it is impossible to test each strategy in combination with one another considering each possible impact on ecosystem services. Therefore, consensus had to be reached among the farmers, foresters and regional planning authorities (a) regarding the most important services in the region, which have to be provided with land use (see Section 2.2), and (b) regarding scenarios for which Climate Change impact mitigation ability is tested.
For the formulation of the test scenarios, two subregions of the REGKLAM model region were selected as focus areas. The ILE (integrated rural development) region 'Silbernes Erzgebirge' and the ILE region 'Dresdner Heidebogen' represent typical socio-ecological systems in the model region. They are supported in the programme European Agricultural Funds for the Development of Rural Areas and have set up a regional coordination bureau and working groups representing the strategic areas of REGKLAM. These working groups consist of regional representatives from practice sectors (e.g. farmers, nongovernmental forest owners), municipalities, district administrations, the regional development planning association and governmental organizations (state forest enterprise, state office for environment, agriculture and geology).
In discussion with the land use working groups in the ILE regions, three most significant threats from Climate Change were identified: (a) biodiversity losses, (b) erosion and flood risks and (c) the divergence of bioresource production and consumption.
Scenarios to be tested to overcome threats (a+b) were afforestation with optimally adapted forest ecosystem types on agricultural sites in combination with improved (less intensive) farming practices, and for threats (a+c) conversion of existing forests with adapted forest ecosystem types in combination with short rotation plantations and increased share of bioenergy crops on agricultural sites. In both scenarios, an optimal implementation of the potential of adapted land management was intended.
Methodological approaches for assessing land management impact
For testing the scenarios and evaluating changes in the provision of ecosystem services, the software PYL was used (Fürst, König, et al. 2010 , Fürst, Vacik, et al. 2010 , Fürst, Volk, Pietzsch, et al. 2010 . PYL combines the technology of a cellular automaton with geographic information system (GIS) features and a multi-criteria evaluation approach . The cellular automaton approach supports the testing of variable land cover and of land management change scenarios. The GIS features help to handle and aggregate planning relevant information, which is necessary for the formulation of the scenarios (e.g. layers describing planned priority or reserved areas, protection areas, ownership type information) and for their evaluation (e.g. regionalized climate scenarios, site quality information, orographic conditions). The multi-criteria evaluation approach integrates step-wise information on the value of land-cover classes/land management classes for the provision of ecosystem services, starting with the selection of appropriate criteria and indicators and taking into account the impact of environmental attributes, proximity effects at the level of land-cover classes/land management classes and of landscape metrics at the regional level (Fürst, König, et al. 2010) . Figure 2 illustrates the hierarchical evaluation approach.
Since the applied criteria and the underlying indicators are highly variable in their reference units, temporal and spatial resolution, mathematical operations are used to categorize the evaluation results on a relative scale from 0 (worst) to 100 (best).
Using the service 'provision of bioresources' and here the forest management class 'Oak-Scots pine mixed forests', Figure 3 gives an example of how the data aggregation and evaluation process was done in our study (cf. Koschke et al. 2010 ; see results: Table 2 ). For this application case, biomass productivity characteristics based on statistical agricultural data (online information of the Statistical Office, Saxony, www.statistik.sachsen.de) and growth and yield tables (Hilfstafeln 1990) were taken and were normalized in a first step to the scale 0-100. Considering forest data sets, an average stand age of 100 years and an average yield class of 2 were assumed based on the proposition of the forest experts (state forest enterprise) in our study. Based on the study participants feedback (see Figure 4 ), the values resulting from the normalization were adjusted to a step size of five on the scale 0-100. In a third step, the participants in the study did an end-correction and confirmed the final ranking of the forest management classes in relation to the land-cover classes.
Note here that the 'old' land-cover classes 'coniferous forests', 'deciduous forests' and 'mixed forests' are still included in the set of available classes. The values of these three land-cover classes for the different ecosystem services were calculated as a weighted average for the management classes that can be assigned to them. Figure 4 . Participation of regional actors takes place in manifold parts of our work. Regional actors participate in improvement and concretization of the research concept; they are the core element in the evaluation process, and formulation of the management classes is based on their experience and knowledge. Finally, they give feedback from testing the approach.
The impact of proximity effects and environmental and socio-economical attributes shown in Figure 2 is quantified as a percentage correction of the achieved results per cell. Considering landscape metrics, the result which is achieved for an ecosystem service on a regional scale is corrected again by a percentage reduction or increase to express disadvantages or benefits of landscape structural aspects such as compactness or fragmentation of the area belonging to a land-cover or land management class . In consequence, the results of our evaluation approach only allow a qualitative appraisal of the impact of land-cover or land management changes on the provision of ecosystem services.
The most important point in our evaluation approach is that the set of analyzed ecosystem services is modified and partially extended compared to the standard set within the MEA (2005) . This modification results from an intensive participation process by the working groups in the ILE regions (see Section 2.2) and by further experts at the level of the complete REGLAM model region, who are consulted for development of the adapted land management strategies (Fürst, Volk, Pietzsch, et al. 2010; Koschke et al. 2010) . Taking the classification of the MEA (2005) into account, the set applied in our study considers provisioning services (bioresource provision including in our case timber, food and fibers; fresh water and air, defined in our case as a contribution to human health and well-being), regulating services (in our case formulated as 'mitigation of Climate Change impact'), cultural services (aesthetic value) and supporting services (contribution to the ecological integrity). Additionally, 'regional economy' was introduced, because this aspect was most important for the regional actors (Fürst, Volk, Pietzsch, et al. 2010 ; see also Menzel and Teng (2009) ). Participation was also extended to the evaluation process itself (see Figures 2 and 3). First, the regional actors gave input regarding the selection of evaluation criteria and their regional importance in the course of a Delphi approach, which is actually completed by a public survey in the ILE regions (cf. Koschke et al. 2010) . Second, knowledge basis and criteria for identifying land management practices and deriving land management classes were contributed, and third, information on planning regulations and planned priority and reserved areas came directly from the planning authorities (Fürst, Volk, Pietzsch et al. 2010) . Figure 4 summarizes all activities within the development of the adapted land use management strategies where participation takes place.
Classification approach -concept and criteria
Together with the participants of our study, we developed a theoretical framework for classifying land management in forestry and agriculture in a way that (a) ensures its compatibility with the CORINE Landcover 2000 and Euromaps Land Cover data as reference standards in REGKLAM and (b) makes assessable the impact of land management practices on ecosystem services. Therefore, the classification criteria had to reflect cause-effect relationships.
The study participants identified some further requests for classification under the specific conditions of REGKLAM. These requests were (a) the classification should consider the ability of land management to mitigate Climate Change effects, (b) prior or multiple management objectives (concept of multifunctionality in forestry) should be expressed by the classes and (c) compatibility with future land management practices such as new crops or crop rotations and soil management techniques should be ensured.
In forestry, the focus in REGKLAM was to express through appropriate classification criteria the sensitivity of the forest management classes against drought as a manageable Climate Change-related risk. By the participants of our study, the risk of windthrow was considered as too accidental and stochastic to be managed by silvicultural practices. Finally, the classification framework for forestry could be based on four criteria, (1) stand development type, (2) suitability (site properties), (3) (drought) risk exposure and (4) prior management targets.
The first criterion 'stand development type' expresses the silvicultural management concept in Saxony (Eisenhauer and Sonnemann 2009) in which eligible future forest stand types are determined by the actual stand types. The stand development types are characterized (a) by the vegetation type, that is, the dominating tree species, the mixed tree species and the type of mixture and (b) by the silvicultural management strategy, including tending and harvesting concepts, which determines the conversion of the actual stand types into the future forest stand types. Note that 'tree species' in our case frequently subsumes groups of tree species (e.g. the group 'Scots pine' includes different pine and larch species), which are similar in their demands on growth conditions (Richtlinie 2005). The actual stand types at the level of silvicultural management planning units (called 'stands') are documented in forest inventory (at least for state-owned forests) and they can easily be linked by the dominating tree species to the forest land-cover classes. Taking the interdependence between actual and future (planned) stand types into account, this classification provides a basis for simulating possible future development of the regional forests in REKGLAM.
The stand types as a core management instrument in forestry are closely related to forest site types, which express the second classification criterion 'suitability'. The forest site types are characterized by topographical, soil-chemical and physical, and hydrological site properties. Information on these site properties is aggregated in so-called silvicultural growth regions, for which only a specific set of stand types is eligible (Richtlinie 2005; Eisenhauer and Sonnemann 2009). The site properties can be used for the spatial transfer of the silvicultural growth regions to areas that are not (yet) covered by forests, and their regionalization makes accessible forest management planning information for scenarios such as afforestation at agricultural sites.
Both, forest stand types and forest site types are decisive for the third criterion 'risk exposure'. This criterion stands (a) for the urgency of management measures to accelerate the development of the actual stand types into the future stand types and (b) restricts the eligibility of otherwise possible future stand types under particularly risky conditions. The risk exposure is expressed by the actual forest health status from forest health monitoring, structural stand parameters, which are recorded in forest inventory, and from stand-related records of past hazards from operational forest management. The risk exposure is only applicable to existing forests, but the potential risk exposure at possible afforestation areas as an example where this information might be needed, can be estimated by considering the situation at neighboring forests.
A similar problem in the spatial transfer applies to the fourth classification criterion 'primary management targets'. The management targets are basically regulated in the Saxonian Forestry Act (Sächsisches Waldgesetz 1992). Which forest areas are dedicated to which primary or multiple services is specified by forest function mapping (function ∼ service, Waldfunktionenkartierung (2004)) and is available only for already-established forest areas. Forest function mapping uses information on the forest site types, the actual stand types and the risk exposure, and respects also the specific spatial context of a forest area (off-site effects: possible impact on, or proximity to sensitive sites; special public demands on a forest area). Most forests have to provide multiple services, but there are some areas dedicated primarily to soil, habitat or ecosystem protection or for the protection of rare sites (so-called 'azonal' sites including peat bogs, creek valleys and floodplain sites). Also a prioritization of biomass production on less sensitive sites with eligibility of future stand types with fast growing tree species, such as Douglas fir or Red oak is possible. The spatial transfer of the classification criterion 'primary management targets' to nonforest areas is again possible by considering information from forest function mapping in neighboring forests, or by taking into account information on priority areas or reserved areas for nature and habitat protection from regional development planning.
Results
Classification approach -resulting theoretical framework
In our results, we came up with a classification framework that allowed us to define a quantity of 22 classes in forestry and 30 (preliminary) management classes in agriculture, here with a focus on crop production. In agriculture, the final classification framework is in discussion with our regional actors. Figure 5 illustrates schematically the classification hierarchy and the applied classification criteria (see Chapter 2.3) in forestry. Table 1 gives an overview of the 22 management classes identified in forest management, including information on their fulfillment of primary management targets, the dominating tree species and mixed tree species and the suitability of the types depending on the regionally important biogeographical zones (Eisenhauer and Sonnemann 2009 ). Eligibility of the dominant tree species for the forest site classes and risk maps for drought are based on projections from the Intergovernmental Panel on Climate Change (IPCC) scenario A1B (Werrex IV, Küchler and Sommer 2003) , as were the drought risk maps. Additionally, a vast number of mixed tree species was introduced in the management classes, which are foreseen to vary within a broad range on level of the forest stands to correspond best to the local site conditions and forest management experiences (Richtlinie 2005; Eisenhauer and Sonnemann 2009). Table 2 provides information regarding the evaluation of forest management classes in relation to the other land-cover classes -here for the CORINE Landcover Class 2000 standard.
Application example -test case afforestation
In the following, afforestation at agricultural sites is presented as an application case in which both aspects, landcover change and impact of (adapted) land management classes, can be demonstrated. For the application case, a part of the model region was selected that is actually dominated by agricultural land (Figure 6 ).
In regional development planning, a number of priority areas for afforestation are delineated in this region. They represent a regionally specific minimum consensus between governmental targets to increase the forest land-cover and economic objectives in the privately owned farms. In contrast, much larger priority and/or reserved areas are delineated for enhancing the natural and environmental development. Note here that 'priority areas' are given a higher weight compared to 'reserved areas' in regional development planning procedures, where permits are granted for eligible land-cover changes (e.g. new settlement or industrial areas) and for the establishment of infrastructural facilities (e.g. new highways). The delineation of priority and reserved areas for natural and environmental development considered in our application case, in particular, nature-conservation factors that would provide niches, step-stones and moving corridors for enhancing the floral and faunal diversity at the landscape level.
A set of different scenarios with increasing sizes for the afforestation area and variable combinations of the locally eligible forest land management classes from the pool of our 22 classes was formulated, including and combining iteratively priority areas for afforestation, and priority and reserved areas for enhancing natural and environmental development. Figure 6 shows as an example the results of simulating the afforestation of the foreseen priority areas with the best site adapted forest management classes (large map). The diagram to the right of the map displays two different lines: the dashed line expresses to what extent (on the scale from 0-100) the ecosystem services are provided before afforestation; the solid line shows the impact of the simulated afforestation scenario. The small difference between these two lines gives evidence that the minimum consensus afforestation on the respective priority areas has no (or almost no) impact as far as improving (or worsening) any of the ecosystem services. In this case, even the implementation of the best suitable management classes could not contribute much to enhance the provision of ecosystem services, because the area for afforestation was just too small.
In contrast, Figure 7 shows an extreme afforestation scenario (map left side of the figure) including all priority areas for afforestation and all priority and reserved areas for natural and environmental development. Here, the impact of different forest management classes becomes visible: Figure 7 displays the results of simulating the afforestation with two different forest management classes: the class 'Scots pine -Oak mixed forests' (large map) is one of the 'multifunctional' forest management Figure 6 . The impact of afforestation at the priority areas foreseen by the regional development plan in the ILE Region 'Dresdner Heidebogen' on improving the provision of ecosystem services is minor compared to the situation without afforestation.
classes (Table 1) with slight prioritization of ecological aspects (close to the so-called 'potential natural vegetation' (Schmidt et al. 2002) . This class is of high regional relevance, because it can be easily cultivated on nonforest sites and its implementation (planting of oak) is in particular encouraged in the framework of (EU supported) funding programmes for afforestation. The forest management class 'Douglas fir -Oak mixed forests' (small map at the right bottom of the figure) is one of the economyoriented forest management classes that are thought to enhance biomass productivity as the primary management target (Richtlinie 2005; Eisenhauer and Sonnemann 2009). The solid black line in the diagram to the right of the large map shows that afforestation with the multifunctional class 'Scots pine -Oak mixed forests' enhances -as intended -provision of the ecosystem services 'mitigation of Climate Change impact', 'human health and wellbeing', 'esthetic value' and 'ecological integrity'. On the other hand, compared to the situation without afforestation (dashed black line in the diagram), provision of services 'regional economy' and 'provision of bioresources' decreases.
In contrast, afforestation with the class 'Douglas fir -Oak mixed forests' (dashed red line in the diagram) could contribute to compensate partially for the loss in the service 'provision of bioresources' from the former scenario. Due to the high value which was assigned to Douglas fir stands in the participatory evaluation process, with respect to the high timber prices, the high biomass productivity, the short rotation period and the comparably lower harvesting costs, also the service 'regional economy' could be improved slightly compared to the scenario with the class 'Scots pine -Oak mixed forests'. On the other hand, the enhancement of services such as 'esthetic value' or 'ecological integrity' would be inferior. The contribution to improve the service 'Mitigation of Climate Change impact' would be comparable in both scenarios as both forest management classes consider highly drought-adapted tree species. Also, the enhancement of 'human health and well-being' (provision of drinking water and clean air) is estimated to be similar for both scenarios on the basis of our stakeholder driven evaluation.
Discussion
In the case study REGKLAM, the degree of freedom to mitigate Climate Change effects by land-cover changes is very small. Conflicts of interest in using one and the same Figure 7 . In the event that all priority areas for afforestation and priority and preference areas for enhancing the natural and environmental development are afforested, differences in the impact of the forest management classes on ecosystem service provision become visible. The management class 'Scots pine -Oak mixed forests' improves the services 'mitigation of Climate Change impact', 'human health and well-being', 'esthetic value' and 'ecological integrity', while afforestation with the class 'Douglas fir -Oak mixed forests' would be more beneficial for the services 'provision of bioresources' and 'regional economy'. piece of land between 'big land users' such as forestry and agriculture are marginal and if land-cover changes take place, they are mostly restricted to small areas in the vicinity of larger settlements (urban sprawl). Furthermore, the high standing of private (land) property in Germany and manifold (often contradictory) legal regulations and missing motivation instruments (e.g. adequate funding) restrict the implementation of 'trendy ideas' such as converting larger agricultural areas into forests or short rotation plantations. Therefore, the highest potential to achieve success in mitigating Climate Change effects is expected from adapted land management in existing forest and agricultural areas.
Taking the case-study-related classification criteria for the forest management classes into consideration, direct transferability of our approach to other regions and other application cases might be restricted. First, our classification was based on a regionally specific (Saxony) silvicultural management concept. Second, all information needed for description of the classes and for their spatial transfer to nongovernmental forest areas or to areas without forests was available from forest inventory, forest site classification/soil mapping and topographical survey. Third, our classification approach was driven by the aim to make the impact of the classes on the provision of ecosystem services more appraisable: therefore, we tried to combine regionally known cause-effect relationships between tree species composition and site factors and climatic conditions with regionally specific socio-economic considerations, the latter based on expert knowledge and stakeholder perception.
Using the example of forestry, our approach can be considered as a suggestion for how to consider the large potential of land management opportunities within a landcover class to impact the provision of ecosystem services (de Groot et al. 2010) . A specific challenge in classifying forest management opportunities consists in considering the ecosystem dynamics of forests over their whole rotation period. Ecosystem dynamics can hardly be assessed through remote sensing techniques without combining them with a terrestrial survey (Verburg et al. 2009; Wiens et al. 2009 ). Terrestrial surveys, however, primarily provide information on the actual status of the forest ecosystem and its management and can thus not really reflect Table 2 . Overview of the evaluation of the forest management classes in relation to the CORINE Landcover (2000) classes 'Broadleaved forest', 'Coniferous forest', 'Mixed forest'. The values express on a relative scale from 0 (worst) to 100 (best) the contribution of each class to the provision of the set of ecosystem services in the REGKLAM model region. long-term processes , Fürst, Vacik, et al. 2007 ). Our forest management classes include tending and harvesting strategies over the whole forest stand rotation period and are intended to reflect thereby the accumulated impact from the regeneration period up to the old forest stand on the provision of ecosystem services. This might be problematic in the case that the actual status of ecosystem services provision should be assessed on a local scale (e.g. growth dynamics and biomass productivity in younger and elder stands) but it is beneficial for the regional planner if the impact of long-term planning strategies such as forest conversion or afforestation is assessed on landscape scale (Chertov et al. 2002 (Chertov et al. , 2005 . Especially for the research objective in REGKLAM, to develop 'Climate Change mitigation and adaptation strategies', such long-term processes and aggregated information on cause-effect relationships are relevant. On the other hand, for impact assessment at the interface between regional development planning and sectoral land management planning also temporal aspects should be considered. Regarding the forest management classes, a solution we have already tested is the introduction of time slots of 10, 30, 50 and 100 years (Fürst, König, et al. 2010 , Fürst, Volk, Pietzsch, et al. 2010 . These time slots reflect important phases in vegetation development (from young to mature trees or stands) and in forest management planning (operational, tactical, strategic planning, see Baskent and Keles (2005) and ). However, the same approach and comparable time slots cannot be applied for other land use sectors, such as in agricultural management. Here, the intra-annual impact of single crops on ecosystem services might be evaluated totally differently as compared to the impact of a complete crop rotation. Most likely, the introduction of additional time slots <10 years, but >1 year could help to overcome this problem, but so far we have not identified a satisfactory solution. Also the implemented ecosystem service set was specifically adapted to the questions and needs raised by the participants in our case study. The MEA (2005) and its concept, approaches and aims were not well known by our regional protagonists. Services to be provided at the landscape level are discussed at the sectoral level (forestry, agriculture) with different philosophies and definitions regarding what should be understood as 'service' (Waldfunktionenkartierung 2004; Klimawandel 2009; de Groot et al. 2010) . At the regional level and in regional development planning, the term 'services' is not really in use. Planning measures at this scale level tend to consider political claims such as sustaining 'protected goods' (soil, water, natural areas) and ensuring adequate areas for the production of food, other (bio)resources, energy, and for regional economic development (Raumordnung 2004) . Therefore, the actual set of services and the underlying evaluation criteria and indicators are still preliminary. An example might be the high value which was given to the forest management class 'Douglas fir -Oak mixed forests' for the service 'regional economy'. The impact of afforestation with Douglas fir dominated forests on regional economy might in fact be much lower, and the right choice of evaluation criteria and indicators and their weight are topics of current investigations. We intend to complement and improve our approach in the ongoing participatory evaluation process with the aim of optimally reflecting regional demands on current, but also possible future ecosystem services ).
Conclusion
We conclude from our case study that a more differentiated look at land management practices instead of land-cover classes helps to improve the understanding (a) of regional potentials to adapt to Climate Change and to mitigate its effects and (b) of the impact of sectoral management strategies at the landscape level on the provision of ecosystem services. The applied participatory approach in developing a classification based on forest management practices and in evaluating the impact of forest management contributed also to an improved awareness of the ecosystem services concept, which -after the process -was much better understood and even applied by the regional actors in their daily work. The next step will be to finalize a conceptual framework for classifying agricultural management practices and to combine both forest and agricultural management opportunities at the landscape level as a discussion basis for land users and regional planners in the course of updating the regional development plan. Currently in final validation ) is the consideration of landscape structural aspects in our model region, which are assumed to have an equally high significance for an evaluation of the opportunities of land use to mitigate Climate Change effects.
